The mandibular third molar (3M) is the tooth that is most often impacted, with lack of space being one of the reasons. In some orthodontic treatments, premolars are extracted in order to create space. The aims of our study are: firstly, to assess the changes in the angulation and position of the 3M in cases treated either with or without extraction of the first or second premolars; secondly, to analyse the variation in the gonial angle and the degree of inclusion of the 3M; and lastly, to establish a predictive impaction model for 3M. This study included 88 patients: 28 patients treated with extractions of first premolars, 30 with second premolars and 30 without. The initial and final orthopantomography was analysed and the angulation of the 3M was measured, a new variable being created to determine the degree of 3M inclusion in the mandibular ramus. The results show that the angulation of 3M improves with time, regardless of treatment, and presents a greater disinclusion in cases treated with extractions. The gonial angle tends to diminish with age in all cases. The conclusions suggest that other factors may influence the angulation and position of 3M and that it is not possible to establish a predictive impaction model.
Introduction
The eruption of the mandibular third molar (M3) continues to be a subject of controversy that interests various specialisms of Odontology. Clinically its eruption is uncertain given that we do not know if there will be enough space for it to take up its correct position in the dental arch. The mandibular third molar begins its development in the mandibular ramus with its occlusal surface directed upwards and forwards. To achieve a normal occlusal relationship, it has to undertake a straightening out movement to a greater or lesser degree, depending on its initial angle to the mandibular plane. Studies on the changes in the angulation of the mandibular third molar (1) (2) (3) (4) show that it undergoes the straightening out process between 10 and 21 years of age, although this varies greatly depending on individuals, an increase in its mesial inclination being observed in some cases. The development and eruption of the third molar presents varies greatly. It normally begins its development at about 8-9 years of age, but can occur between 5 and 14 years of age (5) (6) (7) , and emerges in the oral cavity at around 18-24 years of age, although just as with its development, this can vary considerably (6, (8) (9) (10) (11) . The third molar is the tooth that is most often impacted, impaction being more frequent in the mandibula than in the maxilla, varying between 9.5% and 39% (9-12), and may increase in patients who have been orthodontically treated to up to 50% (12) . This variation is due to the different populations studied, to differences in the definition of the term "impaction", and to the different ages of the subjects on whom studies were undertaken. Most authors agree that the main cause of impaction of the mandibular third molar is the lack of space available for its eruption (8, (12) (13) (14) (15) . There are various factors described in the literature which appear to contribute, to a greater or lesser extent, to this lack of space:
• Alteration in the longitudinal growth of the mandible (1).
• Vertical direction of condyloid growth, associated with a decrease in bone resorption of the anterior border of the mandibular ramus (2-3).
• Distal eruption pattern of teeth (11) .
• Greater size of mandibular third molar crowns in cases of impaction (15, 16) . (although these differences were not significant).
• Delays in development of facial structure (9) . Some studies in the literature associate extractionist therapy with a mesialization of the mandibular molars (17) (18) (19) and with an increase in the retromolar space (13, (17) (18) (19) (20) (21) (22) , whereas the non-extractionist associates extraction with a significant increase in the frequency of mandibular third molar impaction (22) and a reduction in its eruption (14,18), although there are others who find very little difference between subjects treated with or without extractions (14).
The aims of this study are therefore: 1. To assess the changes that take place in the angulation and position of the mandibular third molar over time in patients treated with extraction of the mandibular first and second premolars and to compare the results with patients treated without extractions. 2. To analyse the variation of the gonial angle and the degree of inclusion of the mandibular third molar, depending on age and the treatment undertaken.
3. To establish a predictive impaction model for the mandibular third molar, analysing whether the initial angulation of the third molar has an influence on the decision to carry out extractions or not. (Table 1) . The inclusion criteria were:
Materials and Methods
• All patients had to have an orthopantomography before the beginning of Orthodontic treatment (T1) and at the end of the same (T2).
• All patients had to have the crown of the mandibular third molar formed at the time of beginning Orthodontic treatment.
• The orthopantomographs had to be of good quality without distortions or magnifications. All the orthopantomographs were digitalised using a conventional scanner and the Rhinoceros © 3.0 program was used to trace and calculate the different variables employed in this study. All measurements were taken by the same operator. To undertake our study, four angular variables, (as can be observed in (Fig. 1) , and one linear variable -the percentage of inclusion in the ramus whose quantification is detailed later on-were measured. 1. Longitudinal angle axis of the mandibular third molar (M3) to the occlusal plane (OP): M3-OP. This is the angle formed by the longitudinal axis of the mandibular third molar to the occlusal plane. The occlusal plane is defined by the cuspids of the first molar and the second mandibular premolar. In those cases in which the second premolar still had not erupted, the occlusal plane was considered to be that which passed through the mandibular second temporary molar. The longitudinal axis of the mandibular third molar runs perpendicular to the line that joins one of the mesial and distal cuspids of the molar, as can be observed in (Fig. 2 ).
2. The longitudinal axis angle of the mandibular third molar (M3) to the mandibular plane (MP): M3-MP. This is the angle formed by the longitudinal axis of the mandibular third molar to the mandibular plane. The mandibular plane is the tangential line to the two lowest points of the anterior and posterior borders of the mandibula. The longitudinal axis of the mandibular third molar is constituted in the same way as in the above variable. 3. The longitudinal axis angle of the mandibular first molar (M1) to the longitudinal axis of the mandibular third molar (M3): M1-M3. This is the angle formed between the longitudinal angle of the first and third mandibular molars. The angle has negative values when the longitudinal angles of the molars diverge towards occlusal, i.e. there is a distal or straightening inclination, and positive values when they converge towards occlusal, i.e., when there is a mesial inclination. 4. Gonial angle: GA. This is the inner angle formed by the tangent to the two lowest points of the mandibular body and the tangent to the backmost points of the mandibular ramus.
Degree of mandibular third molar (M3) inclusion in the mandibular ramus(MR): M3-MR.
To assess the degree of M3 inclusion in the mandibular ramus, a reference line is traced perpendicular to the line that joins the two lowest points of the sigmoidal notch, which passes through the backmost point of the anterior border of the mandibular ramus, as shown in (Fig. 3A) .
e763 Table 2 . Intraobserver error of the four angular and one linear variable.
Variables
Initial X-RAY (T1) Final X-RAY (T2) T1-T2 The percentage of M3 that is found per distal of that perpendicular line, with respect to total width (Fig. 3B) , measures the degree of inclusion. The data gathered was stored and analysed using the SPSS v. 15.0 statistical analysis program. The range, mean, typical deviation (TD) and the confidence interval (CI) of 95% of the mean of each magnitude studied and at the two moments of study, before and after treatment, were determined. Mean comparison tests of two paired and non-paired samples (t-Student), depending on cases, and of 3 samples (ANOVA), using the Scheffé test for multiple comparisons, were used. The proportion comparison test was also used. The method's intraobserver error was found by analysing 10 x-rays, chosen at random, of each of the three treatment groups for a second time. (Table 2) shows the great repeatability of the measurements.
Results
The results of the four angular variables are shown in (Table 3) . Changes in the angulation and position of the mandibular third molar. The angle of the mandibular third molar to the occlusal plane (M3-OP) decreases; to the mandibular plane (M3-MP) increases; and to the axis of the mandibular first molar (M3-M1) decreases, in all patients, with a statistically significant difference between the initial and final values. However, we have not found significant differences in terms of the value of those variations when we compared the three types of treatment: cases treated with extractions of first or second premolars or without extractions. Changes in the gonial angle. Considering all the cases as a whole, the gonial angle diminishes over time by a mean of 1.42º in the three groups, the statistically significant variation being (p<0.05). On analysing the variation, depending on the treatment undertaken, we found that the greatest reduction in the gonial angle takes place in cases of second premolar extractions ands non-extractions, the differences being statistically significant for these two groups. EXTRACTION  T1  T2  T2-T1  T1  T2  T2-T1  T1  T2  T2-T1 Means 45.9% 11.8% 34.1% 48% 4.4% 43.6% 53% 11.2% 41.8% Table 4 . Initial inclusión (T1) and final inclusión (T2) in different orthodontic treatment.
INCLUSION 3M NON EXTRACTION FIRST PREMOLAR EXTRACTION SECOND PREMOLAR

Degree of mandibular third molar inclusion.
The results for the single linear measurement are shown in (Table 4 ) and represented in (Fig. 4) and indicate the degree of disinclusion that the mandibular third molar suffers with age. This reduction was of 34.1% in cases without extractions, 43.6% and 41.8% in cases of first and second premolar extractions respectively, there being no statistically significant differences between them.
Discussion
The study of the mandibular third molar has always aroused great interest in clinical practice. Normally, studies on the third molar has centred on investigating the effects that the eruption of it has on dental arches, but not on observing the changes that orthodontic treatments, with or without extractions, cause in the position and angulation of that molar. Studies that do appear in the literature on these changes are difficult to compare, as the material and methods used vary. Due to the fact that the mean age of our sample at the end of the treatment was 17.1 years old, the eruption or final impaction of the mandibular third molar could not be fully evaluated. However, we have been able to determine the changes that have taken place in the inclination of the molar in patients treated with or without extractions of the first or second premolars. Authors such as Ricketts (23) suggest that the probability of mandibular third molar eruption is directly related to the percentage of that molar found in front of the anterior border of the mandibular ramus, in such a way that, for a favourable eruption prognosis, half of the crown should be in front of the anterior border of the ramus. In contrast, other authors such as Kim et al. (6) suggest that the space for the correct eruption of the mandibular third molar could be less than that previously observed by Ricketts (23) . Changes in the angulation and position of the mandibular third molar. The three angular measurements confirm that the mandibular third molar improves its inclination over time, regardless of the treatment undertaken. We, therefore, have not been able to show that the mandibular third molar improves its inclination in patients treated with extractions. Our results coincide with those obtained by Haavikko et al. (24) who claims that extractions of mandibular premolars accelerated, but did not favour, the eruption of the mandibular third molars. Nevertheless, other authors such as Richardson et al. (5), Kim et al. (6) or Jain et al. (25) , observed that the extraction of premolars made more space in the molar area and, therefore, improved the angulation of the mandibular third molar compared to patients treated without extractions. Changes in the gonial angle. The reduction of the gonial angle from the initial and to the final value, found in all three groups of patients in our study, coincides with other authors such as Altonen et al. (13) or Thompson et al. (26) who claimed that there was a tendency for the gonial angle to diminish with age. We have not found any statistically significant difference in the reduction of the gonial angle due to extractions of first premolars.
Observing the absolute value of the difference between the initial and final gonial angle in the cases treated with first premolar extractions (T1-T2= 0.64º), second premolar extractions (T1-T2= 1.99º) and without extractions (T1-T2= 1.59º), we can observe how the greatest reduction occurs in the cases of second premolar extraction and in cases without extractions. If we take the patients treated with second premolar extractions, the result coincides with that observed by Björk A (27) , who claimed that patients treated with extractions presented greater resorption of the anterior border of the ramus and consequently there would be more space for the eruption of the mandibular third molar. Degree mandibular third molar inclusion In our study, on observing the evolution of mandibular third molar impaction between T2 and T1, we noted that there is a reduction in the disinclusion of the mandibular third molar in the mandibular ramus between the two moments of study in all cases and a tendency for the mandibular third molar to straighten out. Cases treated without extractions obtain a lower disinclusion percentage (34.1%) than cases treated with first premolar extractions (43.6%) and second premolar extractions (41.8%), but without there being a statistically significant difference between them (P<0.04).
If the reduction of impaction were due to changes produced in the longitudinal axis of the mandibular third molar, one would expect to find the same disinclusion both in cases treated with or without extractions. However, we have found greater disinclusion in cases treated with extraction although without reaching statistical significance. Other factors such as mesial displacement of the mandibular third molar could explain the greater disinclusion of it in cases treated with extractions.
From our results we cannot affirm that treatments with extraction of both first and second premolars favour the eruption of the mandibular third molar. The results of this study suggest that other factors, besides premolar extraction, may have an influence on the change in angulation and the position of the mandibular third molar.
It is not possible to determine a predictive model for the future decision on whether to undertake an extraction or not at the age of 13 according to the results of this study: to do so, a longitudinal follow-up on these patients over more years would be required.
Conclusions
The conclusions of this study are that: 1. The angulation of the mandibular third molar improves over time, regardless of whether the orthodontic treatment is undertaken with extractions or not. 2. The gonial angle tends to diminish with age in all cases without there being statistically significant differences between groups. 3. The mandibular third molar suffers greater disinclusion in the ascending ramus of the mandibula with age in cases treated with extractions. This could be due to other factors such as the increase in space caused by mesialization on undertaking extractions or resorption of the anterior border of the mandibular ramus. 4. With the results of this study, it is not possible to determine a predictive model for a future decision on whether to undertake extractions or not at the age of 13 years old.
